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t h e  c a p a b i l i t y  o f  t h e  BCMASP s i m u l a t o r  to c o v e r  Upra t ed  
S a t u r n  I t r a j e c t o r i e s .  The b a s i c  BCMASP f o r m a t  and s t r u c t u r e  
i s  u t i l i z e d  t h r o u g h o u t  w i t h  t h e  t a r g e t i n g  and e v e n t  s e q u e n c i n g  
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e r a t i o n a l  T r a j e c t o r i e s  can be d u p l i c a t e d  t o  an  a c c u r a c y  o f  
abou t  .6%. 
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I .  I K T R O D U C T I O N  

The i n c r e a s i n g  v a r i e t y  o f  e x p e r i m e n t a l  o b j e c t i v e s  
and  m i s s i o n s  b e i n g  s t u d i e d  f o r  t h e  A p o l l o  A p p l i c a t i o n s  Program 
demands a t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  c h a r a c t e r i s t i c s  and 
p e r f o r m a n c e  c a p a b i l i t i e s  o f  t h e  l a u n c h  v e h i c l e s  u s e d  to sup-  
p o r t  t h e s e  m i s s i o n s .  

I n  o r d e r  t o  p r o v i d e  a n  e n g i n e e r i n g  tool f o r  s t u d y i n g  
t h e  c a p a b i l i t i e s  and l i m i t a t i o n s  o f  t h e  Upra t ed  S a t u r n  I i n  i t s  
r o l e  as a n  A A P  l a u n c h  v e h i c l e ,  a computer  s i m u l a t i o n  program 
h a s  been  d e v e l o p e d .  T h i s  program i s  e s s e n t i a l l y  a m o d i f i c a t i o n  
and  e x t e n s i o n  o f  t h e  b a s i c  BCNASP programs u s e d  for s t u d y i n g  
S a t u r n  V p e r f o r m a n c e ;  and i t  p a r a l l e l s  t h e  S a t u r n  V model as 
c l o s e l y  as p o s s i b l e  i n  s t r u c t u r e ,  f o r m a t ,  and  n o m e n c l a t u r e .  

Among t h e  p o t e n t i a l  a reas  s u i t a b l e  f o r  a n a l y s i s  w l t h  
t h e  program a r e :  

1. 

2. 

3. 

4. 

5. 

Upra ted  S a t u r n  I p a y l o a d - t o - o r b i t  c a p a b i l i t y  
s t u d i e s .  

S tudy  o f  d e t a i l e d  p r o f i l e s  for s p e c i f i c  l a u n c h  
t r a j e c t o r i e s  to d e t e r m i n e  t h e  r e l a t i v e  i n f l u e n c e  
o f  s e l e c t e d  p a r a m e t e r s .  

O r b i t a l  a c c e s s  s t u d i e s  for a v a r i e t y  of  o r b i t s .  

Eng ine  f a i l u r e  and a b o r t  s t u d i e s .  

I n i t i a l  p h a s e s  o f  d u a l - l a u n c h  r e n d e z v o u s  s t u d i e s  

P a r a g r a p h s  I1 t h r o u g h  I V  t h a t  f o l l o w  d e s c r i b e  t h e  
U p r a t e d  S a t u r n  I t r a j e c t o r y  s i m u l a t o r  a t  p r o g r e s s i v e l y  i n c r e a s -  
i n g  l e v e l s  o f  d e t a i l ,  b e g i n n i n g  w i t h  a g e n e r a l  d e s c r i p t i o n  o f  
mode l ,  and c o n c l u d i n g  w i t h  t h e  a c t u a l  s u b r o u t i n e  program and 
d a t a  deck  l i s t i n g s .  
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11. GENERAL DESCRIPTION OF UPRATED SATURN I SIMULATOR - 
The program t a r g e t s  f rom l a u n c h  t o  o r b i t a l  i n s e r t i o n  

i n  two s t e p s ,  u s i n g  a t o t a l  o f  t h r e e  v a r i a b l e s  t o  match  t h r e e  
s e l e c t e d  t r a j e c t o r y  c o n s t r a i n t s .  For t h e  i n i t i a l  s t e p  o f  t h e  
t a r g e t i n g  p r o c e d u r e  t h e  f i r s t  s t a g e  k i c k  a n g l e  ( D L T H l ) ,  whi,ch 
r e p r e s e n t s  an a r t i f i c i a l l y  i n s t a n t a n e o u s  r o t a t i o n  o f  t h e  v e l o c i t y  
v e c t o r  a f t e r  a nominal  1 0  second  v e r t i c a l  r i s e  f rom l i f t - o f f ,  i s  
t a r g e t e d  t o  match a s e l e c t e d  c o n s t r a i n t  a t  t h e  t i m e  o f  l a u n c h  
e s c a p e  s y s t e m  (LES) j e t t i s o n  a b o u t  1 7 0  seconds  l a t e r .  The  RCMASP 
c r i t e r i o n  f o r  t h i s  t a r g e t i n g  i s  n o r m a l l y  t h e  a l t i t u d e  a t  t h e  t i m e  
o f  LES J e t t i s o n ;  however ,  o t h e r  a l t e r n a t i v e  and p o t e n t i a l l y  more 
u s e f u l  c r i t e r i a  can a l s o  b e  u t i l i z e d .  Af te r  s a t i s f y i n g  t h e  f i r s t  
c r i t e r i o n  b y  v a r y i n g  DLTH1, t h e  program t h e n  t a r g e t s  a s imi l a r  
v a r i a b l e  DLTH2 ( t h e  second  s t a g e  k i c k  a n g l e )  and a l s o  t h e  s e c o n d  
s t a g e  p i t c h  r a t e  (DTH2)  t o  s a t i s f y  two b u r n o u t  c o n d i t i o n s  a t  
o r b i t a l  i n s e r t i o n .  These  t w o  c o n d i t i o n s  or c o n s t r a i n t s  are t h e  
a l t i t u d e  ( a c t u a l l y  g e o c e n t r i c  r a d i u s )  and t h e  f l i g h t  p a t h  a n g l e .  

The f i n a l  p a y l o a d  i n  o r b i t  o b t a i n e d  as a r e s u l t  o f  
t h i s  t a r g e t i n g  w i l l  n o t  n e c e s s a r i l y  be t h e  maximum t h a t  can  b e  
a c h i e v e d .  A s e c o n d  t a r g e t i n g  t e c h n i q u e  t h a t  can be  u s e d  i n  order 
t o  o p t i m i z e  t h e  f i n a l  p a y l o a d  i s  t o  r e l a x  t h e  c o n s t r a i n t  on t h e  
f i r s t  s t a g e  k i c k  a n g l e  ( D L T H 1 ) .  The p r o g r a n  t h e n  r e - t a r g e t s  t h e  
e n t i r e  t r a j e c t o r y  from l a u n c h  t o  o r b i t a l  i n j e c t i o n ,  u s i n g  t h e  
f l e x i b i l i t y  o b t a i n e d  b y  t h e  more l i b e r a l  c o n s t r a i n t  on DLTHl t o  
o p t i m i z e  t h e  p a y l o a d  p l a c e d  i n  o r b i t .  

Both t e c h n i q u e s  f o r  t a r g e t i n g  can be u s e f u l  i n  Uprated 
S a t u r n  I s t u d i e s .  
l o a d  o b t a i n a b l e  w i t h o u t  e x c e e d i n g  some p r e d e t e r m i n e d  f i r s t  s t a g e  
c o n s t r a i n t ,  s u c h  as maximum p e r m i s s a b l e  dynamic p r e s s u r e  ( & M A X ) ;  
w h e r e a s ,  u s i n g  t h e  s e c o n d  method w i l l  show t h e  p a y l o a d  improve-  
ment t h a t  can be o b t a i n e d  b y  r e l a x i n g  t h e  f i r s t  s t a g e  c o n s t r a i n t  
t o  o p t i m i z e  t h e  w e i g h t  i n t o  o r b i t .  Wi th  some r e l a t i v e l y  s i m p l e  
program m o d i f i c a t i o n s ,  t h e  c o n s t r a i n i n g  c r i t e r i o n  f o r  t h e  f i r s t  
s t a g e  k i c k  a n g l e  can be  changed t o  f i t  v a r i o u s  s t u d y  o b j e c t i v e s .  
O t h e r  p a r a m e t e r s  s u c h  as t h e  p r o d u c t  o f  dynamic p r e s s u r e  and 
a n g l e - o f - a t t a c k  (&ALPHA) ,  or aerodynamic  h e a t i n g  i n d i c a t o r  ( A H I )  
m i g h t  b e  u s e d .  

The f i r s t  method w i l l  show t h e  maximum pay- 

The b a s i c  program i s  d e s i g n e d  t o  i n j e c t  t h e  s p a c e -  
v e h i c l e  p a y l o a d  i n t o  an  e l l i p t i c a l  p a r k i n g  o r b i t  a t  p e r i g e e .  
The e c c e n t r i c i t y  o f  t h e  o r b i t  i s  e s t a b l i s h e d  by s p e c i f y i n g  t h e  
d e s i r e d  p e r i g e e  and apogee a l t i t u d e s  ( i n  t h e  form o f  g e o c e n t r i c  
d i s t a n c e s )  i n  the da ta  deck .  The c o r r e c t  i n s e r t i o n  v e l o c i t y  t o  
b e  u s e d  f o r  t h e  2nd s t a g e  e n g i n e  c u t o f f  c r i t e r i o n  i s  c a l c u l a t e d  
i n t e r n a l l y .  
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111. DETAILED T R A J E C T O R Y  MODEL STRUCTURE 

A .  - T r a j e c t o r y  Sequencing:  The E v e n t s  L i s t  

The b a s i c  o u t l i n e  o r  " f l i g h t  p l a n "  f o r  t h e  l a u n c h  
t r a j e c t o r y  i s  s p e l l e d  o u t  i n  t h e  s u b r o u t i n e  SIMTGT, known as 
t h e  Events  L i s t  i n  BCMASP t e r m i n o l o g y .  
o f  a t y p i c a l  E v e n t s  L i s t  f o r  t h e  Upra t ed  S a t u r n  I program.  

T a b l e  I shows a p o r t i o n  

TABLE I 

C 
C 
C 

SHUT DOWN THE CENTER ENGINES. 

EVENT IBOFF(K1CK) 
C R I T E R I O N  (T=TENG5) 

CALL SITB(2)  
I D R A G = O  

AUXEQ 
C 
C 
C 

SHUT DOWN THE STAGE ONE ENGINES. 

EVENT SlOFF ( K I C K )  
C R I T E R I O N  (WGT=WSlOFF) 

TS AV= T t T  C2 
I T H R = O  

START THE STAGE TWO ENGINES. 
C 
C 
C 

EVENT S4ON(SlOFF) 
C R I  TE R I  ON ( T= TS AV) 

WGT=WGT2A 

Each e v e n t  r e p r e s e n t s  a p o i n t  on t h e  t r a j e c t o r y  a t  which a 
d i s c o n t i n u i t y  o c c u r s  i n  t h e  d i f f e r e n t i a l  e q u a t i o n s  b e i n g  used ,  
o r  where some m o d i f i c a t i o n  i n  t h e  t r a j e c t o r y  p a r a m e t e r s  i s  made. 
For example ,  a t  EVENT IBOFF, t h e  c u t o f f  i n  t h e  f o u r  i n b o a r d  en- 
g i n e s  of t h e  f i r s t  s t a g e  i s  s i m u l a t e d  by d i v i d i n g  t h e  f i r s t  
s t a g e  t h r u s t  magni tude  by two. T h i s  i s  d e n o t e d  i n  t h e  Even t s  
L i s t  by CALL SITB(2)  u n d e r  EVENT IBOFF. I n  g e n e r a l ,  t h e  Events  
L i s t  p a r a l l e l s  a t y p i c a l  S a t u r n  V l a u n c h  t r a j e c t o r y  E v e n t s  L i s t  
e x c e p t ,  of c o u r s e ,  t h a t  i t  d e p i c t s  a two s t a g e  r a t h e r  t h a n  t h r e e  
s t a g e  t r a j e c t o r y .  I n c l u d e d  a r e :  (1) f i r s t  s t a g e  k i c k  a f t e r  a 
s h o r t  v e r t i c a l  r i s e ,  ( 2 )  g r a v i t y  t u r n  p h a s e  d u r i n g  low a l t i t u d e  
f l i g h t ,  ( 3 )  s e q u e n t i a l  f i rs t  s t a g e  e n g i n e  shutdown,  ( 4 )  b r i e f  
coast p e r i o d ,  (5) s e c o n d  s t a g e  i g n i t i o n ,  ( 6 )  m i x t u r e  r a t i o  
s h i f t s  d u r i n g  s e c o n d  s t a g e  f l i g h t ,  ( 7 )  i n t e r s t a g e  and  LES j e t -  
i s o n  e v e n t s  and  ( 8 )  s econd  s t a g e  shutdown.  
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S e v e r a l  a d d i t i o n a l  e v e n t s  have  b e e n  i n c l u d e d  i n  order 
t o  p r o v i d e  a more r e a l i s t i c  s i m u l a t i o n  o f  t h e  a c t u a l  f i r s t  s t a g e  
t h r u s t  v a r i a t i o n .  For t h e  f i r s t  3 2  s e c o n d s  o f  f l i g k l t ,  a g r a d u a l  
b u i l d u p  o f  t h e  t h r u s t  i s  s i m u l a t e d  by t h e  i n c l u s i o n  o f  a s i m p l e  
s e c o n d  o r d e r  t h r u s t  b u i l d u p  f u n c t i o n .  Af te r  32  s e c o n d s  t h e  
b u i l d u p  f u n c t i o n  i s  removed by EVENT BELAY, and t h e  t h r u s t  mag- 
n i t u d e  f o l l o w s  t h e  normal  v a r i a t i o n  w i t h  a t m o s p h e r i c  p r e s s u r e .  

A s econd  e v e n t ,  EVE:NT T H R D K ,  has b e e n  i n s e r t e d  t o  
s i m u l a t e  t h e  g r a d u a l  decay  of  t h r u s t  d u r i n g  t h e  f i n a l  s e c o n d s  o f  
f i r s t  s t a g e  f l i g h t .  

F u r t h e r  m o d i f i c a t i o n s  t o  t h e  E v e n t s  L i s t  c a n  b e  made 
q u i t e  s i m p l y  to s i m u l a t e  s p e c i f i c  t r a j e c t o r y  p r o b l e m s .  F o r  
example ,  t h e  e f f e c t  of  a p r e m a t u r e  e n g i n e  shutdown might  b e  
s i m u l a t e d  b y  i n s e r t i n g  a n  e v e n t  EVENT E N G O U T  s imi l a r  t o  EVENT 
IBOFF men t ioned  p r e v i o u s l y .  A c o m p l e t e  l i s t i n g  o f  t h e  E v e n t s  
L i s t  f o r  t h i s  program i s  c o n t a i n e d  i n  Appendix A .  

B .  T r a j e c t o r y  T a r g e t i n g  and O p t i m i z a t i o n :  ETHORB 

The BCMA-SP s u b r o u t i n e  ETHORB has b e e n  u t i l i z e d  as t h e  
b a s i c  program f o r  t a r g e t i n g  t h e  Upra ted  S a t u r n  I t r a j e c t o r y  from 
l a u n c h  t o  o r b i t a l  i n s e r t i o n  and a l s o  f o r  o p t i m i z i n g  t h e  p a y l o a d  
i n j e c t e d  i n t o  o r b i t ,  if t h i s  mode o f  o p e r a t i o n  i s  d e s i r e d .  Two 
forms of t h e  r o u t i n e  a re  a v a i l a b l e :  (1) t h e  s t a n d a r d  BCMASP 
ETHORB, which u s e s  t h e  a l t i t u d e  a t  t h e  t i m e  of LES J e t i s o n  as 
t h e  c r i t e r i o n  f o r  t h e  f i r s t  phase  o f  t h e  t a r g e t i n g  p r o c e d u r e  
a n d  ( 2 )  a m o d i f i e d  v e r s i o n  of ETHORB, which u s e s  t h e  maximum 
p e r m i t t e d  v a l u e  o f  a s e l e c t e d  parameter,  s u c h  as dynamic pres-  
s u r e  d u r i n g  f i r s t  s t a g e  f l i g h t ,  as t h e  c r i t e r i o n  or c o n s t r a i n t  
f o r  t h e  f i r s t  t a r g e t i n g  phase .  T e s t  r u n s  have  shown t h a t ,  when 
t h e  f i r s t  phase  c o n s t r a i n t s  a r e  s u f f i c i e n t l y  r e l a x e d  and  t h e  
p rogram o p t i m i z e s  p a y l o a d  i n t o  o r b i t ,  b o t h  r o u t i n e s  p r o d u c e  t h e  
same t r a j e c t o r y .  

L i s t i n g  f o r  t h e  m o d i f i e d  ETHORB i s  i n c l u d e d  i n  Appen- 
d i x  A .  

C .  O t h e r  I m p o r t a n t  S u b r o u t i n e s  

I n  o r d e r  t o  s i m p l i f y  t h e  s t r u c t u r e  o f  t h e  E v e n t s  L i s t ,  
a s u b r o u t i n e  of t a b l e s  and o t h e r  da ta  needed  a t  v a r i o u s  e v e n t s  
has been  i n c o r p o r a t e d  i n t o  t h e  program.  T h i s  r o u t i n e ,  c a l l e d  
SITB, i s  s imi la r  t o  t h e  SVTB u s e d  for S a t u r n  V t r a j e c t o r i e s .  A 
u n i q u e  f e a t u r e  of t h e  SITB r o u t i n e ,  however ,  i s  t h e  i n c o r p o r a -  
t i o n  o f  a d u a l - d r a g  f u n c t i o n  by means o f  two sep;rate drag  
c o e f f i c i e n t  t a b l e s .  The  d i s t i n c t l y  d i f f e r e n t  drag p r o f i l e s  o f  
t h e  unmanned v s .  t h e  manned Upra ted  S a t u r n  I c o n f i g u r a t i o n s  ( a  
c o n s e q u e n c e  p r i m a r i l y  o f  t h e  LES v s .  n o s e c a p  c o n f i g u r a t i o n  
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d i f f e r e n c e s )  r e q u i r e s  t h a t  t h e s e  two s e p a r a t e  t a b l e s  b e  made 
a v a i l a b l e .  The SITB r o u t i n e  is keyed  t o  s e l e c t  i n t e r n a l l y  t h e  
p r o p e r  t a b l e  t o  suit t h e  t y p e  of v e h i c l e  c o n f i g u r a t i o n  u s e d ,  
t h e  k e y i n g  p a r a m e t e r  b e i n g  t h e  we igh t  o f  t h e  LES shown i n  t h e  
i n p u t  d a t a  deck .  I f  t h e  LES weigh t  i s  s e t  t o  z e r o ,  t h e  un- 
manned d r a g  c o e f f i c i e n t  t a b l e  i s  s e l e c t e d .  A non-zero  we igh t  
f o r  t h e  LES i n d i c a t e s  a manned l a u n c h  v e h i c l e  c o n f i g u r a t i o n ,  
and t h e  c o r r e s p o n d i n g  t a b l e  i s  s e l e c t e d .  

Another  un ique  f e a t u r e  o f  t h e  SITB i s  t h e  i n c o r p o r a -  
t i o n  o f  a wind v e l o c i t y  p r o f i l e  t a b l e .  I n  t h i s  t a b l e  can b e  
s t o r e d  t h e  nomina l  wind v e l o c i t y  v s .  a l t i t u d e  p r o f i l e  for t h e  
time o f  y e a r  and l a u n c h  s i t e  b e i n g  used .  A l t e r n a t i v e l y ,  t h e  
t a b l e  may be  l e f t  empty for no wind o r  " s t i l l  a i r "  s t u d i e s .  I n  
o r d e r  t o  i n t e g r a t e  t h e  e f f e c t s  o f  t h e  wind v e l o c i t y  v a r i a t i o n s  
i n t o  t h e  BCMASP programs a minor  m o d i f i c a t i o n  t o  t h e  b a s i c  
d i f f e r e n t i a l  e q u a t i o n  program, DIFEQ, was a l so  r e q u i r e d .  A t  
p r e s e n t ,  t h e  wind p r o f i l e  data  i s  s t o r e d  in an unused  t h r u s t  
t a b l e  i n  SITB; and i s  e n t e r e d  by c a l l s  t o  LOOKUP f rom DIFEQ. 

A s e c o n d  BCMASP s u b r o u t i n e  n o t  n o r m a l l y  used  f o r  
l a u n c h  v e h i c l e  t r a j e c t o r i e s  has been  i n c o r p o r a t e d  i n t o  t h e  p ro -  
gram i n  o r d e r  t o  c a l c u l a t e  and s t o r e  t h e  v a l u e  o f  a s e l e c t e d  
p a r a m e t e r  s u c h  as maximum dynamic p r e s s u r e  ( & M A X )  d u r i n g  f i r s t  
s tage f l i g h t .  T h i s  r o u t i n e ,  INTMAX, p r o v i d e s  t h e  maximum p a r a -  
m e t e r  v a l u e  n e c e s s a r y  f o r  t a r g e t i n g  d u r i n g  t h e  f i r s t  p h a s e  o f  
t h e  t r a j e c t o r y  when t h e  m o d i f i e d  ETHORB t a r g e t i n g  r o u t i n e  i s  
u s e d .  

IV. MODEL A C C U R A C Y  AND PROGRAPI LIMITATIONS 

The development  o f  an U p r a t e d  S a t u r n  I m i s s i o n  p a s s e s  
t h r o u g h  t h r e e  phases r e p r e s e n t i n g  i n c r e a s i n g  l e v e l s  o f  s p e c i f i c -  
m i s s i o n  d e t a i l  i n  d e p i c t i n g  t h e  l a u n c h  t r a j e c t o r y  and o v e r a l l  
m i s s i o n  p r o f i l e  to b e  f lown.  The l a u n c h  v e h i c l e  t r a j e c t o r i e s  
for two o f  t h e s e  t h r e e  p h a s e s ,  as p roduced  b y  C h r y s l e r  Corpora-  
t i o n  for MSFC, have  been used i n  t h i s  s t u d y  as a r e f e r e n c e  o r  
g u i d e l i n e  for j u d g i n g  t h e  a c c u r a c y  o f  t h e  s i m u l a t e d  t r a j e c t o r y  
model  d e v e l o p e d .  The first o f  t h e s e  b a s e l i n e  t r a j e c t o r i e s  i s  
t h e  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y  i n  which as  many as p o s s i b l e  
o f  t h e  v e h i c l e  and m i s s i o n  c o n s t r a i n t s  and r e q u i r e m e n t s  are 
i n c o r p o r a t e d ,  b u t  which i s  g e n e r a l l y  c h a r a c t e r i z e d  b y  t h e  u s e  
o f  "nomina l "  v e h i c l e  and eng ine  pe r fo rmance  da ta ,  such  as nominal  
o r  c o n t r a c t  s p e c i f i c a t i o n  v a l u e s  f o r  s e a  l e v e l  t h r u s t ,  s p e c i f i c  
i m p u l s e ,  and  p r o p e l l a n t  flow r a t e s .  A t  s u c c e e d i n g  l e v e l s  o f  so -  
p h i s t i c a t i o n ,  r e p r e s e n t e d  by the  R e f e r e n c e  T r a j e c t o r y  and f i n a l l y  
b y  t h e  O p e r a t i o n a l  T r a j e c t o r y ,  t h e  s p e c i f i c  m i s s i o n  and v e h i c l e  
c h a r a c t e r i s t i c s  are  r e f i n e d  to p r o d u c e  a t a i l o r - m a d e  p r o f i l e  
which  r e f l e c t s  (1) the a c t u a l  t e s t  s t a n d  e n g i n e  d a t a  f o r  t h r u s t  
and  w e i g h t - r a t e  v a r i a t i o n s  of t h e  e x a c t  e n g i n e s  to be u s e d  on 
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t h e  l a u n c h  v e h i c l e  ( 2 )  t h r u s t  b u i l d u p  and  decay  p r o f i l e s  a t  
e n g i n e  i g n i t i o n ,  c u t o f f  and  m i x t u r e  r a t i o  s h i f t s  ( 3 )  t h e  i n -  
c l u s i o n  of more s o p h i s t i c a t e d  n a v i g a t i o n  and g u i d a n c e  e q u a t i o n s ,  
( 4 )  t h e  i n c l u s i o n  of  a wind p r o f i l e  i n  t h e  a t m o s p h e r i c  model ,  
and ( 5 )  s i x  d e g r e e s  of f reedom s i m u l a t i o n .  

I n  i t s  p r e s e n t  form, t h e  Upra t ed  S a t u r n  I program 
d i s c u s s e d  i n  t h i s  memorandum (when used  w i t h o u t  t h e  wind p r o -  
f i l e  o p t i o n )  p a r a l l e l s  q u i t e  c l o s e l y  t h e  P r e l i m i n a r y  R e f e r e n c e  
T r a j e c t o r y .  Sample r u n s  compared w i t h  an  a c t u a l  MSFC P r e l i m -  
i n a r y  R e f e r e n c e  T r a j e c t o r y  ( R e f e r e n c e  l), show a p a y l o a d  i n  
o r b i t  c l - i f f e rence  o f  o n l y  28 pounds ,  l e s s  t h a n  0 . 1 % .  O t h e r  
t r a j e c t o r y  v a r i a b l e s  show good agreement  a l s o .  

I n  a t t e m p t i n g  t o  s i m u l a t e  t h e  more s o p h i s t i c a t e d  
O p e r a t i o n a l  T r a j e c t o r y  f o r  a t y p i c a l  Upra t ed  S a t u r n  I m i s s i o n  
( R e f e r e n c e  2 )  t h e  s i m p l i f i c a t i o n s  i n  t h r u s t  and w e i g h t - r a t e  
p r o f i l e  p l u s  o t h e r  f a c t o r s  cause  t h e  t r a j e c t o r y  d i f f e r e n c e s  t o  
i n c r e a s e .  The i n c o r p o r a t i o n  o f  t h e  wind p r o f i l e  t a b l e  improves  
t h e  t r a j e c t o r y  s h a p i n g  somewhat o v e r  t h e  no-wind P r e l i m i n a r y  
R e f e r e n c e  T r a j e c t o r y  t y p e  model,  b u t  e r r o r s  i n  d r a g  p r o f i l e s ,  
dynamic p r e s s u r e ,  a l t i t u d e  and v e l o c i t y  a t  f i r s t  s t a g e  b u r n o u t ,  
and  c o n s e q u e n t l y  i n  f i n a l  p a y l o a d  o b t a i n e d  a re  on t h e  o r d e r  o f  
1 / 2  to 1%. For a t y p i c a l  r u n ,  t h e  program can  s i m u l a t e  an  
O p e r a t i o n a l  T r a j e c t o r y  w i t h  a f i n a l  p a y l o a d  d i f f e r e n c e  of a b o u t  
400  pounds or a b o u t  0 . 6 %  for a 70,000 lb. i n - o r b i t  w e i g h t .  

F i g u r e s  1 t h r o u g h  3 show t h e  t r a j e c t o r y  p r o f i l e s  for 
a s e l e c t e d  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y  ( R e f e r e n c e  1) .  F ig -  
u r e  4 shows t h e  d e v i a t i o n  o f  a t y p i c a l  t r a j e c t o r y  f lown w i t h  
t h i s  model f rom t h e  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y  for c e r t a i n  
c r i t i c a l  v a r i a b l e s .  One i n t e r e s t i n g  e f f e c t  t h a t  w i l l  be n o t e d  
i n  t h e  d r a g  error c u r v e  i s  t h e  e r r o r  o f  abou t  +7000 l b s .  t h a t  
appears a t  l a u n c h .  T h i s  r e p r e s e n t s  a phenomenon t h a t  h a s  been  
" w i r e d "  i n  to t h e  d i f f e r e n t i a l  e q u a t i o n s  f o r  S a t u r n  V l a u n c h e s .  
Ra the r  t h a n  remove i t  f o r  t h e  Uprated S a t u r n  I program,  a s i m p l e  
compensa t ing  e f f e c t  has been  i n t r o d u c e d  i n t o  t h e  t h r u s t  p r o f i l e  i n  
t h e  e a r l y  s e c o n d s  o f  f l i g h t ,  t h u s  m a i n t a i n i n g  t h e  e f f e c t i v e  t h r u s t -  
d r a g  f o r c e  a t  t h e  p r o p e r  v a l u e .  

I t  can b e  n o t e d  from F i g u r e  4 t h a t  i n  t h e  p a r t i c u l a r  
example  u s e d  h e r e  t h e  model t r a j e c t o r y  t e n d s  t o  f l y  somewhat 
h i g h e r  t h a n  t h e  r e f e r e n c e  t r a j e c t o r y  a t  maximum a l t i t u d e ,  a l t h o u g h  
t h e  f i n a l  i n s e r t i o n  a l t i t u d e  i s  c o r r e c t .  

The d e v i a t i o n  i n  w e i g h t  ( see  F i g u r e  4) t h a t  a c c u m u l a t e s  
t o  a b o u t  3000 pounds d u r i n g  f i r s t  s t a g e  f l i g h t  i s  c a u s e d  by t h e  
s l i g h t l y  h i g h e r  t h a n  nomina l  c o n s t a n t  w e i g h t  r a t e  u s e d  i n  t h e  
s i m u l a t o r  model.  A t  f i r s t  s t a g e  b u r n o u t ,  t h e  BCMASP model s t o p s  
t h e  f u e l  f low and hence  t h e  weight  d e c r e a s e  i n s t a n t a n e o u s l y  a t  
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1 4 0 . 3 2  s e c o n d s .  
1) a l l o w s  f o r  a 1 . 3  second  " t a i l - o f f "  i n  which t h e  weight  con- 
t i n u e s  t o  d e c r e a s e .  
t h a n  nominal  weight - ra te  used  i n  t h e  BCMASP s i m u l a t o r ,  s o  t h a t  
t h e  v e h i c l e  w e i g h t s  a r e  i n  c o r r e c t  ag reemen t  a t  s t age  s e p a r a t i o n .  

The  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y  ( R e f e r e n c e  

T h i s  " t a i l - o f f "  i s  compensa ted  f o r  by  a h i g h e r  

A s  men t ioned  e a r l i e r ,  p r e c i s i o n  t r a j e c t o r y  s i m u l a t i o n ,  
s u c h  as t h a t  o b t a i n e d  for t h e  O p e r a t i o n a l  T r a j e c t o r i e s  d e v e l o p e d  
f o r  MSFC by C h r y s l e r  C o r p o r a t i o n ,  r e q u i r e s  a more s o p h i s t i c a t e d  
model t h a n  t ha t  used  i n  t h i s  p rogram.  
t h e  f l e x i b i l i t y  o f  t h i s  program and t h e  f l e x i b i l i t y  o f  t h e  
BCMASP do p r o v i d e  f o r  more p r e c i s e  t r a j e c t o r y  s i m u l a t i o n  t h a n  
t h a t  a c t u a l l y  shown h e r e .  I n  o r d e r  t o  match more e x a c t l y  t h e  
t r u e  t h r u s t  and  drag  p r o f i l e s  of t h e  o p e r a t i o n a l  t r a j e c t o r y ,  
t a b u l a r  r a t h e r  t h a n  f u n c t i o n - g e n e r a t e d  v a l u e s  c a n  b e  i n t r o d u c e d .  
I n  t h i s  way a n  e x a c t  t h r u s t  and  d r a g  p r o f i l e  c a n  be o b t a i n e d .  
I n  a d d i t i o n ,  t h e  f u e l  weight - ra tes ,  now d e p i c t e d  as c o n s t a n t  
v a l u e s ,  can  b e  r e p l a c e d  b y  a t i m e - v a r y i n g  f u n c t i o n  or by a s e t  
o f  t a b u l a r  d a t a .  Improvements i n  t h e  s i m p l i f i e d  wind p r o f i l e  
model might  a l s o  b e  i n c o r p o r a t e d .  

For s p e c i f i c  s t u d i e s ,  

I n  i t s  p r e s e n t  form, however ,  t h e  program s h o u l d  
p r o v i d e  a s e l f - c o n s i s t e n t  s e t  o f  t r a j e c t o r i e s  for s t u d y i n g  
and  e v a l u a t i n g  U p r a t e d  S a t u r n  I p e r f o r m a n c e  u n d e r  v a r i o u s  
t r a j e c t o r y  s i t u a t i o n s .  
on s o l i d  r o c k e t  t h r u s t  a s s i s t a n c e  and 2-1/2 s tage  (CSM SPS " t h i r d  
s t age" )  t r a j e c t o r i e s  c a n  be examined .  

Such p o t e n t i a l  m o d i f i c a t i o n s  as s t r a p -  

Appendix A c o n t a i n s  a l i s t i n g  o f  t h e  more i m p o r t a n t  

Only t h o s e  r o u t i n e s  t h a t  d i f f e r  f rom t h e  s t a n d a r d  
compute r  r o u t i n e s  u s e d  i n  t h e  p rogram as w e l l  as a t y p i c a l  i n p u t  
da t a  d e c k .  
BCMASP r o u t i n e s  a r e  l i s t e d .  

Appendix B c o n t a i n s  a p a r t i a l  l i s t i n g  o f  a t y p i c a l  
t r a j e c t o r y  r u n  f o r  a P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y  t y p e  model .  
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APPENDIX A 

SPECIAL O R  MODIFIED COMPUTER ROUTINES USED F O R  THE 

Events  L i s t  , 

Opt  i r n i z a t  ion 

U?RATED SATURN I SIMULATOR ___-- 

SIMTGT 

Program, ETHORB 

T a b l e s  a n d  other Data, S I T B  

I n p u t  Data for typical r u n ,  DATA2 



SIMTGT 
JOH V J t ?  



SIMTGT 

J O B  V Ji:2 



SIMTGT 

J O R  V J t 2  

C 
C J E T 1  ISDN Ttlt:  I Y T ' k R S T A G t .  
c 

E V E N T  J E T I S b / S 4 C N f i S 4 0 F F L l  

WCT=WCT-kCT I sc 
C K I T E K I O N ( T = T S A J S )  

C 
C J L T T I S U N  1 H t  LAUNCH ESCAPk S Y S T k M .  
C 

E V E ~ T J E T L ~ S ( 5 4 0 N , S 4 O F F  1)  

WCT-WGT-HGTCES 
OMEGAP=DIHL 
CALL IPITCP(DLTH2) 
0 M f G A Y = C P S I 2 
CALL I Y A k f C L P S I 2 )  

V = V A L U t t V X )  
VC I K = S W H T  t G P f / R  1 

CKITERIUN(T-TSAV3) 

A U X t Q  

V O F F = V C  IK*SCRT ( 2 - I  ( 1- + K / K A P U G R )  1 
C 
C SECOND S - I V t 3  MIXTURE R A T I O  S H I F T .  
C 

EVENT' MIX2(S40NmS4OFFl) 
C R I T t R I O t v ( T = T S A V 4 )  

CALL SITb(51 
C 
c P J L I G H T  IS EQUPL TU WEiGHT WS4OFF 
C 

EVENT EMPTY(S4CNrS40FF1) 
C R I T E R I O N ( W G T = W 5 4 U F F )  

C 
C SHUr DOWN TH€ S T A G E  T W O  ENGINES. 
C 

E V E N T  S 4 O F F  1 (S4CIN 1 
C K  I T C i t  I ON ( V=YUF+ f 

V=VALUk:IVX I 
I T M = O  
OMtGAY = O m  
O M E G A  P =O. 
T S A V = T + T C 3  
BE T A  I=HCTA 1liX-r V X  1 

AUXEQ 
EVCtuT' STOP(S4UFTl) 
CRITEKION(T=TSAV) 
L A S I  

END 
DECK SIMTGr I C  BE CO#PILED 



ETHORB 

- .  . . . . . .  . .  . _ I  

L J E 2  SOURCE P X U G K A M  ETHOKB 

C P T I C Y  ETt -CHf3  L I S T ,  REF, E H F I L E  

. .  

.* 

1 

2 

3 

c 
C 

CUPPUN / C l / V A H (  3 7 5 I / C 3 / S H P (  1 0 0 1 / C 4 / T W V / 4 0 0 ) / C 5 / F L T ( 1 3 0 )  

C I h T E G H A T E  TO E V E N T  K I C K  
5 I F I I P R T R J . E Q o 1 1  CALL PRTCOM 

10 K = O  
_ _  11 _ _  C A L L  F L T I Y T ( 6 H L A U N C H , 4 H K I C K 1  - . - - - -- _- 

C -IF - 0 P T I P I Z A T I O N  RUN, I N C R E A S E  A L T  TOLERANCE 
12 
15 
!. 6 
17 

. .  20  - _  1 
2 1  

C 
C 
C 
C 

. .  

T A R G E T  TRAJECTGRY 

TARGET T O  EVENT J E T L E S  
~ - -~ - I  - _ _ _  - - _ _ - . -  - _ _  __ 22- 2 _ _ _  . WRITE.( 6 t L G 3  I- 

2 3  CALL R O L L l ! K ( 4 H K I C k - )  

25  A L T  3 = C P A X  
24 C A L L  H U N T l ( D L T H l , C M A X , Q M A X R , T E M P , 4 H K I C K t 6 H J E T L E S t S E ~ S l )  

C TARGET TC EVENT S 4 O F F l  . -  

26 W R I T E ( 6 r  1 C 4 )  
........ . C A L L  RCJLBK.,(  6 F J E T L . E S )  .- ...I_-. .. _. ._- .- ...... - ............ - ...... _ _  __ . - _ _ _  . ._ 2-7 ._ ___-_ . 

30 C ' A l L ~ ' H U N T 2 ( D t T h 2 ~ C T H ? , R ~ B E T A I , ~ E O ~ 8 T A 4 ~ ~ Q ~ E 4 ~ Q B T A 4 ~  
0 bHJETLES,bHS40FFltSENSZ) 

3 1  IF( (1OPTEC.YE.LI.OR ~ o ~ K L o N E . l ~ ~ ~ R  - - l K 2 . N E . l ) )  R E T U R N - .  - 
C 
C CGFPUTE'NEW VALUE FOR OLTHL 

- - _ _  . -  3 4  - . K = K + 1  
35 W R I T E (6 9.1 C 5 1- K t D L  TH I P W GT 
36  
37 

c c  3 I = l , 2  - .  . . _. 
X t I ) = X ( t + L )  

. .  . . . . . . . . . . . .  



ETHORB 

I L J € 2  SOURCE PROGRAM ETHCRR 
I 

54 G C  TC 2 
C F I T  P A H A B Q L A  T O  P n r N r s  AND FINO M I N  

. 5 5  -4 c c  5 r=i , , i  - . . .  
5 6  % P (  I ) = X (  I I-%( 31 
5 7  5 Y P (  I ) = V (  I ) - Y (  3 )  

6 2 
6 3  0=(XP(l)+*Z+YP(?)-XP(2)**2*YP(l))/DET 

65  

66 I F ( A B S l Y P ~ I N ) . L T . Q W G T 4 )  GO TO 6 
7 2  C L T l - l = C L T h l t X P M I N  c > 

72  GC TC 2 3 

c -  - .  5 
7 3  6 
7 4  RETURN S 

C 5 
7 5  L o 1  F O R ~ A T ( / 1 4 X , 2 9 H ( S E L E C T  O L T H l  TU MATCH Q P A X R I I  
76 102  F O H ~ A T ( / 1 4 X , 4 9 H ( S F L E C T  D L T H 1  TO O P T I P I Z E  WGT I N T O  PARKING ORBIT)) S 
77.- ~ 1-0.3-_ F O R t J A T ( / Y X , 2 3 H T A R G E T  K I C K  TU - J E T L E S / / - 9 X - r 2 L H A r  J E T L E S  X = L ) L T H l S  

1CO 104 F O K M A T ( / 9 X , 2 5 H T A R G f T  J E T L E S  T O  S 4 0 F F 1 / / 9 % , 2 1 H A T  540fFL X = D L T S  
l H 2 t 1 4 X p 5 H U  = R / 2 l X v E ! H Y  = D l H 2 r 1 5 X 1 9 H V  = B E T A 1 1  S 

101 1 0 5  - F O R ~ A I ( / ~ ~ X I ~ ~ ~ P ~ I N T  N U M R f R , I 3 r 5 X , 6 H O L T H l = r F l 4 . 9 ~ 5 X , 4 H ~ G ~ = , F l 2 . 2 )  S 
C S 

L 1  D E T = X P ( L ) + X P ( ~ ) + I X P (  i i - x p u i  I 
A = (  Y P I  1 ) * X P (  2 )-YP ( 2  l + X P (  L 1 )  /DET 

_.-  4 4  - - -  X P P I N =- H / ( -? 0 A I - _  
Y PP I h =X PM I h 4 A * X P M I-N+ 8 t - 

c I F  EXPECTED SAVING L T  QWGT4, S T O P  I T E R A T I N G  
c- 

r 

C C'A X R = A L T 3 

--. - -.-- _. - 
1 t 1 4 X p R H U  = C M A X ) .  





V J E 7  

31 
32 
3 3  
3 4  
3 5  
36 
3 7 
4c 
4 1  

c 
c 
c 

I 42  20C 
4 3  
4 4  
4 5  

C 
C 
C 

46 3 0 C  
47 
5c 
5 1  

C 
C 
C 

52 4 0 0  
5 3  
54 

C 
C 
C 

5 5  5 0 c  
5 6  
5 7  6 C C  
6 0  

S ITB 

SOURCE P R O G R A M  SI T B  

T t i K h = T S L l  
ITI -R=l  
ITPFh=l 
O F O A = O .  
C C W C A = C Ck1 C A 1 
b C C C = O .  
P T = A T L  
D h G T N = O U G T L  
G C  T C  6 C O  

C H A N G E  s i  C A T A  T u  R E F L E C T  IECO 

CWGTN=.S*DkGTN 
ThKh=.5*TtHN 
A T = . S + A T  
GC T C  6 0 0  

E h T E R  S2 V E H I C L E  D A l A  

DhGTN=CWGTZA 
T F K h = T I - H 2 A  
I TI-FN=O 
G C  TO 6 0 0  

C h A N G E  5 2  V E t i I C L E  DATA T U  R E F L E C T  M I X 1  

C h G T k = C W G T 2 B  
T l - - K t \ ; = T t R 2 U  
G C  T C  oc0  

C t A N G E  5 2  V E t i I C L E  D A T A  T O  K h F L E C T  M I X 2  

C W C T N = C W G T 2 C  
T t+Hh=Tt iH2C 
R E T U R N  
E h C  



DATA 2 

JCJH VJt-2 



DATA 2 
JOB V Jk 2 



APPENDIX B 

TRAJECTORY PRINTOUT FOR TYPICAL UPRATED SATURN I TRAJECTORY 
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